Osteonecrosis of the femoral head is a disorder that leads to collapse and osteoarthritis in young patients. This study examines the effectiveness of pulsed electromagnetic fields [PEMF] in the treatment of osteonecrosis of the head in precollapse bone stages. A retrospective evaluation was done of 51 patients including 70 hips with symptomatic osteonecrosis of the hip treated with pulsed electromagnetic fields. Criteria for inclusion in the study group were evidence of osteonecrosis and absence of collapse of the femoral head. The average follow-up was 26 months (range, 18 -90). Etiologies included idiopathic (40 cases), steroid use (26) and alcohol (4). To demonstrate the existence of osteonecrosis and its evolution, magnetic resonance imaging [MRI] and plain radiography techniques were used. Results: Procedures were radiological success in 80% of cases, and no progression to collapse in 88.57% of hips. Eight of the 70 hips had radiographic progression to collapse. This study suggests that selected PEMF reduce the incidence of progression of osteonecrosis of femoral head in early stage.
Introduction
Once radiographic changes are apparent, osteonecrosis in the adult generally follows a progressive course of femoral head collapse, joint incongruity, and secondary osteoarthritis. Because osteonecrosis occurs in young adults the orthopedist's goal should be to prevent this progression and to preserve the femoral head [1] - [4] .
A number of prophylactic measures have been recommended, including core decompression, bone grafting, human bone morphogenetic protein, osteotomy, revascularization and electrical stimulation [3] . The results reported in the literature for these techniques have varied considerably [5] - [8] .
Thanks to the widespread use of MRI it is possible to make the diagnosis of osteonecrosis in stages prior to the changes identified with plain radiographs.
Reports have been published concerning the early detection of symptomatic osteonecrosis but few studies have determined the results of treatment in this precollapse stage. The purpose of this study was to examine the effectiveness of PEMF in the treatment of osteonecrosis of the femoral head in the stages preceding bone collapse.
Material and Method

Patients
A retrospective evaluation was done of 51 patients (70 femoral heads) with symptomatic osteonecrosis of the hip treated with pulsed electromagnetic fields from January 1987 to January 2005. Criteria for inclusion in the study group were symptomatic lesion, evidence of avascular necrosis and absence of collapse on magnetic resonance images and X-ray, these criteria remained unaltered during all the period of study. According to the system of the Association Research Circulation Osseous (ARCO) [9] were considered eligible stage I or II osteonecrosis and excluded Stage III (subchondral collapse) or more. Patients who presented osteonecrosis after intracapsular hip fractures were excluded.
Finally a total of 70 hips were included in this study.
In 37 hips the side was right and in 33 was left. The mean age of the patients was 42 years (range 19 -75 years); 31 (60.78%) of the patients were men and 20 (39.21%) women. The average follow up was 26 months (18 -90) .
As etiologic factors of the osteonecrosis of the hip were considered: 40 idiopathic; 26 related with steroid treatment; and 4 alcoholism.
Clinical Evaluation
Patients were assessed previous to the treatment and at three, six, twelve, twenty-four and forty-eight months after. A modified D'Aubigné scale was used to asses pain Table 1 .
Radiographic Evaluation
Patients were selected for radiographic (anterior-posterior and axial X-ray) and magnetic resonance imaging examination for the time of each clinical assessment.
The heads were graded initially by the ARCO and FICAT methods (Figure 1) . The ARCO method studies the stage of collapse and the volume of the osteonecrotic lesion based on MRI (Figure 2 ). The distribution was: ARCO I in 20 cases (28.57%), and ARCO II in 50 cases (70.42%) (Figure 3) . ARCO III or more were not admitted to the study as collapse already had taken place ( Table 2) .
Radiographic progression was defined as an increase in ARCO stage or collapse more than 2 mm compared to pretreatment roentgenograms.
All radiographs were analyzed by people unaware of the treatment assignment. The volume of the femoral head and the osteonecrotic zone were then calculated by computer systems.
Pulsed Electromagnetic Fields
All the patients were treated with pulsed electromagnetic fields (IQL). PEMF were delivered by a pair of coils, mounted anterior and posterior. Technical features consisted of a single pulse configuration at low frequency (75 Hz); Intensity: 400 mA; Time of pulse: 1 at 3 milliseconds. The coils were held in place over the greater trochanter on a molded orthopaedic splint.
Patients wore the coils for eight hours per day for 6 months. Table 1 and Table 2 summarize the results before and after treatment with PEMF. Of the 50 hips that had been classified as stage II, 8 progressed to stage III. The survival percentage for the heads in stage I and II was 88.57% (Figure 1 and Figure 4) .
Results
In relation with the degree of volume involvement: 17 heads initially classified as ARCO stage IA and IIA (those in which the maximum extent of the necrosis is less than 15 per cent of the head) did not collapse, and the survival percentage was 100 per cent; of 25 hips graded IB and IIB (15 to 30 per cent of involvement of the hip), three heads progressed to collapse; of the 28 heads in stage IC and IIC (more of 30%), 5 (17.85%) progressed to collapse. Of the 53 heads with a volume of necrotic lesion greater than 15% (ARCO B, and C) 8 collapsed (15.09%). All eight heads with radiographic progression of the hip had mainly lateral involvement.
Discussion
The natural history of this disease is still unclear. Nevertheless some studies have demonstrated a poor prognosis with higher than 70% -90% of collapse rate at two years when hips in precollapse stage were left untreated [1] [4] [10]- [12] .
MRI has revolutionized the diagnosis of osteonecrosis, as it allows identifying it on early stages, quantifying lesion volume and collapse degree. These characteristics also facilitate the development of classification systems.
A number of treatments have been recommended, including core decompression, bone grafting, osteotomy, revascularization and electrical stimulation [14] . There is, however, much disagreement about its effectiveness and complication rate. The rate of success reported in the literature has varied from 40% to 90% [1] - [3] [5]- [8] [10]. Few randomized trials have assessed the results.
Electrical stimulation has been shown experimentally to enhance osteogenesis and neovascularization as well as to alter bone turnover [15] - [17] . Many previous studies have shown the effect of the signal on both bone and cartilage cells [18] [19] . It can aid in the healing of fracture non-union and induce bone neoformation [20] [21] .
Aaron [9] [22] and other authors [23] reported the effectiveness of PEMF and core decompression in the treatment of osteonecrosis of the femoral head.
A follow-up period of forty-eight months was chosen because collapse of the femoral head generally occurs over this span of time [12] [24] .
Eight of these heads progressed to major stages. Progression for all hips in this study was 11.42%. Progression to collapse of the 53 heads with a volume of the necrotic lesion more than 15% (ARCO B and C) was 15.09%. The overall success of the heads with a great volume affected was 84.9%.
Patients with involvement of the head of more than 15% and lateral surface affected had poorer prognosis than other patients.
One interesting finding of the study was that 55 of the 70 hips had successful clinical results concerning to pain, and 66 of 70 did not worsen. Other studies showed this analgesic effect [9] [22] [23] .
We consider as limitations of this study its retrospective nature and the fact that it only analyzes one kind of treatment, but nevertheless the initial goal was not to compare but to examine PEMF effectiveness.
Stimulation with PEMF is a low morbidity procedure; so far there have been no complications associated with this technique and the patients can be treated as outpatients. The cost of this treatment is less than combined cost of hospitalization, anesthetic and surgical procedure.
This study suggests that selected PEMF reduce the incidence of radiographic progression of symptomatic osteonecrosis of femoral head in early stages and provides successful clinical results. The diagnosis must be made in precollapse stage, through MRI, ideally before any changes appear on ordinary radiographs.
